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Abstract. MnO2/rice husk activated carbon (KASP) nanocomposites have been synthesized 
by directly reducing KMnO4 with KASP in an aqueous solution. XRD diffraction data 
showed a broad and typical peak MnO2 at 37  2theta as an indicator that the compound 
obtained are amorphous. Fluorescence data (XRF) also supports that after addition of 
KMnO4 to the rice husk based acticated carbon solution concurrently MnO2 nanoparticles 
deposition takes place on the surface of KASP.  It is found that the morphologies of MnO2 
grown on KASP can be tailored by varying the reaction ratio of KASP and KMnO4. A 
pseudo-capacitor with high energy density was fabricated by using MnO2/RHAC 
nanocomposite as positive electrode and activated carbon as negative electrode in 1 M 
Na2SO4 aqueous electrolyte. The pseudocapacitor can be cycled reversibly in the cell voltage 
of 0.2 V, and delivers a specific capacitance of 25.4 mF g-1 (based on the total mass of active 
electrode materials of 9.4 mg), which is much higher than that of supercapacitor without 
MnO2 deposition (8.6 F g
-1), or there is significance increase in capacitance (± 3000 times). 
We obtained also that supercapacitor’s electrode developed from rice husk based activated 
carbon has a better performance compared to one developed from commercially activated 
carbon material. Such a better electrochemical performance makes nanocomposite of 
MnO2/KASP as a promising electrode material for supercapacitors. 
Key words: pseudo-capacitor, rice husk based activated carbon, MnO2 nanoparticles  
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INTRODUCTION 
Pseudo-capacitor, another varian 
of supercapacitors or electrochemical 
capacitors have attracted great 
attention as a promising energy storage 
device due to their higher power 
density, longer cycle life than 
batteries, and higher energy density 
than conventional dielectric capacitors 
[1-3]. Recently, extensive work has 
been focused on ways to enhance both 
the energy and power density of 
supercapacitors [4-6]. According to the 
following equation: 
E  = ½ CV2    (1) 
The enhancement in energy (E) 
can be achieved by increasing the 
specific capacitance (C) and/or 
broadening the cell voltage (V). The 
capacitance depends on the electrode 
material used, whereas the cell voltage 
is determined by the stability window 
of the electrolyte and also the electrode 
material characteristics. The latter can 
be achieved with organic electrolytes 
that are characterized by a wide 
electrochemical stability window 
(from 2 to 4 V) [7-10]. However, 
organic electrolytes are quite 
expensive, highly toxic, flammable, 
and require cell construction in air-free 
atmosphere. Aqueous electrolytes can 
work in a voltage window around 1 V 
(the thermodynamic window of water 
is 1.23 V) with a relatively low 
equivalent series resistance (ESR) 
[11,12]. However, the cell voltage is 
too low and should be improved in 
view of practical applications. A 
promising way to increase the cell 
voltage in aqueous electrolytes is to 
develop asymmetric supercapacitors, 
which consist of a pseudocapacitive or 
battery-type positive electrode and a 
high surface-area carbon negative 
electrode [4]. The asymmetric design 
offers the advantages of both 
supercapacitors (rate, cycle life) and 
batteries (energy density) [13]. 
Recently, various asymmetric aqueous 
supercapacitors, such as activated 
carbon (AC)//LiMn2O4 [14], 
AC//Ni(OH)2 [15], AC//V2O5 [16], 
AC//MnO2 [17e28], and Fe3O4//MnO2 
[29] have been explored. 
MnO2 is considered as one of 
the most promising electrode materials 
for supercapacitors owing to its low 
cost and environmental friendliness 
[30e36]. However, MnO2 shows a low 
electrical conductivity (105 to 106 S 
cm1) [37]. High conductive materials 
such as activated carbon were 
combined with MnO2 to improve the 
electrical conductivity of MnO2-based 
electrodes [38,39]. However, the 
electrochemical performances of 
MnO2 composites were tested in a 
three-electrode system with a narrow 
voltage window (about 1 V) in most of 
previous works. Very recently, Gao et 
al. prepared MnO2/AC composite by 
physical mixing and fabricated an 
asymmetric supercapacitor with the 
two electrodes of MnO2/AC composite 
and AC. An energy density of 18.7 Wh 
Indonesia Chimica Acta Kasim, et.al. ISSN 2085-014X 
Vol.10. No.1, June 2017 
46 
 
kg1 was obtained for such 
supercapacitor [40]. 
Herein, we reported on the 
synthesis of MnO2/KASP (Rice Husk 
Based Activated Carbon) 
nanocomposites in a solution 
containing KMnO4 and KASP through 
the heterogeneous nucleation of MnO2 
onto the surface of KASP. The 
morphologies of MnO2 grown on 
KASP were changed from nanorods to 
nanoparticles while decreasing the 
reaction ratio of RHAC/KASP. Such 
hierarchical structures can improve the 
electrochemical performance relative 
to conventional powder-composite 
MnO2/KASP electrodes. A pseudo-
capacitor manufactured with 
MnO2/KASP nanocomposite as the 
positive electrode and RHAC as the 
negative electrode can be reversibly 
charged/discharged at a maximum cell 
voltage of 2 V in aqueous electrolyte, 
delivering a higher energy density in 
comparison with a MnO2/KASP 
pseudo-capacitor. 
 
MATERIAL AND METHODS 
All chemicals used in this study 
are of analytical grade, and used 
without further purification. Capacitor-
grade activated carbon with a specific 
surface area of about 2500 m2 g1 
measured by the BET method was 
purchased from Intraco Co., Ltd 
(Makassar, Indonesia). 
Manganese oxide/KASP 
nanocomposites were synthesized by 
chemical precipitation in an aqueous 
solution containing KMnO4 and 
KASP. In a typical process, 0.6 g of 
KASP was added into 100 mL of 0.05 
M KMnO4 solution. Subsequently, the 
mixture was stirred under thermostatic 
bath at 95 C and refluxed until 
completely colorless. The products 
were filtered and washed several times 
with deionized water, then dried at 60 
C in the air for 12 h. The products 
were denoted as S1, S2, and S3 for the 
addition of 0.6, 0.4, and 0.2 g of 
RHAC, respectively. 
X-ray diffraction (XRD) 
measurement was performed on a 
Shimadzu XRD-6000 diffractometer 
with Cu Ka radiation. The particle 
morphology of the sample was 
investigated by means of field 
emission scanning electron 
microscopy (FESEM) with a JEOL 
JSM-6700F microscope. C, H and N 
microanalysis was recorded on an 
Elementar Vario El elemental 
analyzer. Thermogravimetry (TG) 
analysis was carried out on a Perkin 
Elmer Diamond analyzer with N2 gas. 
Samples were heated from 50 to 800 C 
at a rate of 10 C min-1. 
The working electrode was prepared 
by mixing 70 wt% active material, 20 
wt% acetylene black and 10 wt% 
poly(vinylidene fluoride) (PVDF) in 
N-methyl-2-pyrrolidone (NMP) and 
the slurry was spread onto a nickel net 
with 1 cm2 geometry area. The 
electrode was heated at 100 C for 2 h 
to evaporate the solvent. Both two-
electrode and three-electrode 
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configurations were used to evaluate 
the capacitive performances of the 
electrode materials. In the three-
electrode system, a platinum sheet and 
a standard calomel electrode (SCE) 
were applied as the counter and 
reference electrodes, respectively. The 
mass of active material on the working 
electrode was about 0.3 mg for the 
three-electrode system. The accuracy 
of electronic balance is 0.01 mg 
(Mettler Toledo AB135-S). The 
electrolyte was 1 M Na2SO4 aqueous 
solution. Cyclic voltammetry and 
electrochemical impedance 
spectroscopy (EIS) measurements 
were carried out by a CHI 660C 
electrochemical workstation. The EIS 
was measured in the frequency range 
of 10 mHze100 kHz at an open-circuit 
potential with an AC amplitude of 5 
mV. The obtained datawas fitted to an 
equivalent circuit model using ZWiew 
software. Galvanostatic charge 
discharge test was performed by an 
Arbin MSTAT4 multichannel 
galvanostat/potentiostat.  
 
 
 
 
RESULTS AND DISCUSSIONS 
Preparation of Rice Husk 
Based−Carbon and Activated 
Carbon 
Preparation rice husk 
based−carbon and activated carbon 
was carried out by burning rice husk 
up to temperature of 300C and 400C.  
Characterization was including ash 
content determination. Surface 
characteristics were determined by X-
Ray Fluorescence (XRF) and X-Ray 
Diffraction (XRD). The results of the 
characterization of rice husk based 
activated carbon (KASP) provide 
information about changes in the 
carbon and rice husk based activated 
carbon. 
 
Ash content 
The percentage of mineral 
content of rice husk as raw material for 
the production of activated carbon can 
be determined by measuring the ash 
content. Ash content is closely related 
to the mineral content. The higher the 
mineral content, the higher the ash 
content. The results of ash assay from 
rice husk which was burnt at a 
temperature of 750 °C for 4 hours is 
shown in Table 1.
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Tabel 1 : The results of rice husk ash measurements after burning at a temperature of 
750 oC for 4 hours 
No. Cup 
weight 
(g) 
Rice 
husk 
weight        
(g) 
Weight 
before 
combustion 
(g) 
Total weight 
after 
combustion      
(g) 
Weight 
balance       
(g) 
% ash 
content 
1 31,812 8,068 39,880 33,382 1,570 19,460 
2 27,473 8,080 35,553 29,266 1,793 22,191 
3 34,012 8,093 42,105 35,603 1,591 19,659 
 
The measurement results show 
that the ash content or the average 
mineral content of rice husk is 
20.436%. The mineral content of 
20.436% indicates that many minerals 
are contained in rice husks. 
Activated carbon of 
combustion products at temperature of 
750 C for 4 hours is shown in Figure 
1. Color indicates that the carbon 
content in the activated carbon is 
smaller than the content of silica. 
 
 
Figure 1. Rice husk combustion 
products at a temperature of 750 ° C 
for 4 hours 
 
MnO2 nanoparticle synthesis 
through redox deposition 
In this research, synthesis of 
nanocomposite MnO2/KASP in a 
solution containing KMnO4 and 
KASP through heterogenic nucleation 
of MnO2 on the surface of rice husk 
based activated carbon. The 
preliminary proof that we have is on 
the changing of diffraction pattern 
before and after deposition MnO2 on 
the surface of rice husk based activated 
carbon. This will be discussed further 
in the following section. Morphology 
MnO2 which is grown on the surface 
of KASP was also changing from 
nanorod into nanoparticles when the 
ratio of KASP/KMnO4 is lowered. 
 
Surface characterization by X-Ray 
Fluoresence 
XRF, or X-Ray Flouresence is 
a method of surface analysis to 
determine the surface characteristics of 
a material, which in this study is the 
carbon generated by carbonization of 
rice husk at a temperature of 400 C.  
The result of XRF analysis for rice 
husk based carbon before and after the 
addition of KMnO4 is given in Table 2 
and Table 3.  
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Table 2. XRF data of rice husk based activated carbon (KASP) before MnO2 
deposition.  
 
 
Table 3. XRF data of rice husk based activated carbon (KASP) after MnO2 
deposition. 
 
 
Table 2 provides information 
on surface composition of rice husk 
activated carbon before the addition of 
KMnO4. From the table it can be 
known that silica is the most dominant 
species on the surface of the carbon 
that is also influential in the reaction 
with KMnO4 when compared to 
commercial activated carbon. It can be 
seen that the main composition is SiO2 
(97% m/m). Table 3 provides 
information on the surface 
composition of rice husk based 
activated carbon (KASP) after the 
addition of KMnO4. It can be seen that 
the presence of manganese (in the 
form of MnO) is the major component 
after KMnO4 addition to KASP. This 
is a proof that the reduction of MnO4
- 
(Mn+7) to the lower oxidation state 
takes place according to the following 
reaction. Verification whether the final 
oxidation state of manganese is +4 
(MnO2) or +2 (MnO) will be shown in 
the result of XRD analysis. 
  
4 KMnO4 + 3C + H2O → 4MnO2 + 
K2CO3 + 2 KHCO3 
 
It should be noted that XRF 
gives the same response to a metal 
regardless of its oxidation state in 
compounds, e.g XRF provides the 
same information to the manganese 
compound the following oxidation 
state: MnO2 (oxidation number +4) 
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and MnO (+2 oxidation number) as 
shown in Figure 2. Information on 
oxidation numbers can be detected 
using spectroscopic techniques XPS 
(X-Ray Photoelectron Spectroscopy) 
or see manganese diffraction data 
(XRD) as contained in the reference. 
 
X-Ray Diffraction Analysis 
The burning of rice husk at a 
controlled and high temperature 
produced activated carbon as a source 
of amorphous silica in the form of 
(Na2O)m(SiO2)n. This can be seen in 
the presence of strong diffraction peak 
between 2θ = 20-30 as shown in the 
diffraction pattern of KASP in Figure 
3. This peak is specific for SiO2 peak 
as also confirmed in the previous 
literature. Peak data are given in Table 
4.
 
 
Figure 3. XRD data of rice husk based activated carbon (KASP) before and after the 
addition of KMnO4 
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Tabel 4. XRD data profile of KASP before KMnO4 addition 
 
 
The results of measurements of 
activated carbon shown in Figure 3  
has a widened peak with a peak value 
of silica is the strongest at the 2θ = 20-
30o (d = 3.71) with a degree of 
crystallinity of 52.4165%. The peak 
value is only one on KASP indicates 
that the active carbon is more 
amorphous. 
The highlight of silica 
decreased dramatically after the 
addition of KMnO4 is likely a reaction 
other than the alleged previous 
reaction. 
 
4 KMnO4 + 3C + H2O → 4MnO2 + 
K2CO3 + 2 KHCO3   (2) 
 
New peak in the area of 2theta 
= 37 indicate the formation of MnO2 
compounds on the surface of KASP as 
shown in Figure 3 or peak information 
as given in Table 5.
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Table 5. XRD data profile of KASP after KMnO4 addition 
 
 
XRD data to synthesized 
MnO2 showed that the sample was 
amorphous which was explained by 
the presence of wide peak in the area 
2theta= 30-40 (Tomko et al, 2011). 
Other supporting data can be seen in 
Figure 5 (Wang et al. 2011). 
As seen in Figure 5, the XRD 
patterns of MnO2 nanoparticles 
showed a clear peak and width at 37 
and 65, which therefore indicates that 
the sample is less crystalline (JCPDS 
No. 44-0141). Wide reflection shows 
that the particle size of the sample was 
small.  
From this explanation, it can be 
concluded that manganese has been 
reduced from oxidation state +7 
(MnO4-) to +4 (MnO2), not to +2 
(MnO) as shown in the previous XRF 
results.  
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Figure 5. Diffraction data of MnO2 compound indicated by peak at 2theta = 3737 ( 
(Wang, et al. 2011).
 
 
Figure 6 shows the 
voltammogram profile of 
commercially activated carbon (KAK) 
and rice husk based activated carbon 
(KASP) before and after MnO2 
deposition. The most symmetric 
voltammogram is shown by electrode  
which is constructed from KASP 
material. 
 
 
Figure 6. Cyclic voltammogram profile of KASP and KAK before and after 
deposition of MnO2. KASP-Mn = Rice husk based activated carbon after 
MnO2 deposition, KAK = commercial activated carbon, KAK-Mn = 
KAK after MnO2 deposition. 
 
Tabel 6 Spesific capacitance of KAK and KASP based pseudo-capacitor electrode 
(before and after MnO2 deposition).  
No Sample Specific Capacitance 
1 KAK (Commercially AC) 33  F/g 
2 KAK-MnO2 (composite CAC-MnO2) 29,6 mF/g 
3 KASP (Rice Husk Based AC) 8,6 F/g 
4 KASP-MnO2 (composite KASP-MnO2) 25,4 mF/g 
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From that table, it can be seen that 
there is a significance increase in Cs after 
MnO2 deposition, either in electrode 
constructed from KAK or KASP. For 
electrode developed using KAK, there is 
an increase ± 1000 times after the 
presence of MnO2 on the surface of 
commercially activated carbon. For 
electrode developed using KASP, there is 
an increase ± 3000 times after the 
presence of MnO2 on the surface of rice 
husk based activated carbon. This 
suggests that agricultural waste based 
activated carbon has a better performance 
than commercially activated carbon. 
KAK is more expensive in price than 
KASP. However, it should be confessed 
that the order of capacitance obtained in 
this study is low, in the order of mikro- to 
milli- Farad compared to the previous 
research. This results adaptate with the 
facility in our lab, for example in the 
construction of pseudo-capacitor 
electrode. 
The increase in the capacitance 
can be explained by the pseudocapacitive 
effect of MnO2 on the surface of both 
carbons. This also suggests that there is a 
very significant improvement on 
functional properties of carbon material 
which is obtained from biomass based 
agricultural waste. The improvement in 
the functional properties of electrode 
material will also increase the 
performance of pseudo-capacitor as 
shown in Table 6. This will be an value-
added of this research since we employ an 
agricultural waste which is in a huge 
amount around us, and sometimes causes 
enviromental pollution. 
 
CONCLUSIONS 
Nanocomposite MnO2/Rice Husk 
based Activated Carbon (KASP) has been 
synthesized by means of one-step 
chemical synthesis in a solution 
containing KMnO4 and KASP via 
heterogenic nucleation of MnO2 
nanoparticles on the surface of activated. 
If the reaction ratio KASP/KMnO4 is 
changing, morphology of MnO2 that 
grows on the surface of KASP also 
changed from nanorod to nanoparticles. 
A pseudo-capacitor with high 
energy density was fabricated by using 
MnO2/KASP nanocomposite as positive 
electrode and activated carbon as negative 
electrode in 1 M Na2SO4 aqueous 
electrolyte. The pseudocapacitor can be 
cycled reversibly in the cell voltage of 0.2 
V, and delivers a specific capacitance of 
25.4 mF g-1 (based on the total mass of 
active electrode materials of 9.4 mg), 
which is much higher than that of 
supercapacitor without MnO2 deposition 
(8.6 F g-1), or there is significance 
increase in capacitance (± 3000 times). 
We obtained also that rice husk based 
activated carbon has a better performance 
compared to commercially activated 
carbon material. 
Such good electrochemical 
performance makes nanocomposite 
MnO2/KASP as a promising electrode 
material for supercapacitors. 
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